Two of 5 populations of fourwing saltbush (Atriplex canescem) examined in eastern Utah did not accumulate appreciable amounts of sodium in leaf tissue while 3 populations did accumulate sodium in leaves. The characteristics of sodium accumulation and nonaccumulation were exhibited in these populations when leaf tissue was collected from plants growing in the field or from plants grown in saline retorted oil shale in 2 greenhouse pot experiments. The plants that were low in sodium were higher in potassium but lower in total sodium plus potassium. Growth of plants from the low sodium populations was enhanced by addition of potassium to the retorted oil shale but potassium addition had no effect on growth of the high sodium plants. Top growth of the high sodium plants was greater than growth of the low sodium plants on retorted oil shale.
A common characteristic of desert halophyte species of the Chenopodiaceae family is the accumulation of large concentrations of mineral ions in leaf tissues (Wallace et al. 1973, Wiebe and Walter 1972) . Accumulation of salts in leaves may affect palatability (Wallace et al. 1973 ) and soil salinity (Sharma and Tongway 1973) . The various genera and species may differ in the amounts and even the kinds of ions accumulated. For example, greasewood (Sarcobatus vermiculatus) had high concentrations of sodium in leaves while spiny hopsage (Grayia spinosa) in the same plant community had high potassium concentrations in leaves but only very low sodium concentrations (Rickard 1965) . This paper reports the identification of sodium-accumulating and nonsodium-accumulating populations of fourwing saltbush (Atriplex canescens). The paper also compares sodium and potassium concentrations in leaves as affected by Na and K in the growth medium and growth characteristics of the two types when grown in saline retorted oil shale with and without added potassium.
Methods

Field Survey
Leaves were collected from a total of 23 fourwing saltbush plants in 5 populations (groups of plants several miles apart) in the vicinity of Bonanza, Uinta County, Utah, on July 26, 1978. The leaves were oven-dried at 800 C for 24 hrs., ground, and extracted with deionized water. The extracts were analyzed for sodium (Na) and potassium (K) by atomic absorption spectrophotometery. Stem cuttings were collected from each of the 23 plants and propagated in the greenhouse by the methods of Richardson et al. (1979) for use in subsequent studies.
existence of high and low sodium biotypes as suggested from the field survey and to compare the effects ofdifferent salinity levels on concentrations of Na and K in leaves.
Paraho retorted oil shale from Anvil Points, Cola., was leached with distilled water to reduce the salinity to an ECe (electrical conductivity of a saturation extract) value of 4.1 mmho/cm. The leached Paraho shale contained 0.2 meq (milliequivalents) Na/ IOOg and 0. I meq K/ 100 g. Eighty 24 oz. cottage cheese cartons were each filled with 700 g oven-dried, leached shale that had been sieved through a 6.35mm mesh screen. Half the pots were treated with 100 ml of sodium sulfate solution, with an EC of 42 mmho/cm, which brought the ECe of the retorted shale to 18.6 mmho/cm. All pots were fertilized with 100 ppm N, 44 ppm P, and 83 ppm K by weight. Four replicates of 5 low sodium and 5 high sodium plants, chosen at random, were planted as rooted cuttings into the low salinity (ECe = 4. I mmho/cm) and the high salinity (ECe= 18.6 mmho/cm) retorted shale. Soil moisture was raised to 20% by weight and maintained at that level by daily weighed additions of distilled water. Following 60 days of growth in a greenhouse, leaves were harvested, dried, ground and analyzed for soluble Na and K with an atomic absorption spectrophotometer.
In the second experiment, the effects of K added to retorted oil shale on leaf Na and K concentrations and on plant growth were examined. Sixty-four 24 oz. size cottage cheese cartons were each filled with 700 g Union B retorted Utah oil shale previously sieved through a 6.35 mm mesh screen. The ECe of the retorted shale was 8.0 mmho/cm. The water soluble sodium (Na) concentration was 2.0 meq/ 100 g, and the water soluble potassium (K) concentration was 0.1 meq/ 100 g. Each pot of retorted shale was fertilized with 103 ppm N (as calcium nitrate) and 34 ppm P (as sodium phosphate). Half the pots were treated with 100 ppm K (as potassium sulfate).
Four high sodium plants and 4 low sodium plants were selected at random from the 23 plants previously collected from the field near Bonanza, Utah. Rooted cuttings were planted in the pots of shale and the shale was watered to 20% moisture by weight, which was maintained by daily weighing and watering with distilled water. The experimental design was a randomized block in factorial arrangement with 2 plant types, 4 plants per type, 2 potassium concentrations, and 4 replicates. After 60 days of growth in a greenhouse, plant tops were harvested, dried at 800 C for 24 hours, and weighed. Leaves were separated, ground,extracted with distilled water, and analyzed for Na and K by atomic absorption spectrophotometry.
Results
In the field survey 3 populations had leaf sodium concentrations greater than 100 mmole/ 100 g, while 2 populations had less than 10 mmole Na/ 100 g leaf dry matter (Table 1) . Potassium concentrations in leaves were high when sodium concentrations were low. The sum of Na plus K concentrations in leaves was higher in the populations where Na in leaves was also greater. When the plants were grown on Paraho retorted oil shale in the greenhouse the same pattern of sodium and potassium concentrations in leaves existed as was found in the field survey ( Table 2) . The plants that were low in leaf sodium in the field remained lower in sodium, higher in potassium and lower in Na plus K than the plants that had high leaf sodium in the field. An increase in sodium sulfate salinity of the retorted oil shale resulted in increased Na plus K concentrations in leaves, but the increase was greater in the high sodium plants. The high sodium plants responded to higher salinity with increased concentrations of Na in leaves while low sodium plants responded primarily with increased K concentration in leaves.
Addition of K to the Union B retorted shale caused a greater increase in leaf K in the low Na plants than in the high Na plants (Table 3 ). There was a slight decrease in leaf Na with the addition of K to the shale. There were also differences in Na and K contents of leaves among plants within each biotype. This was also observed in the other experiment and in the field survey.
Top growth of the high sodium plants was greater than top growth of the low sodium plants (Table 4) . Addition of K to the retorted shale caused increased growth of the low sodium plants but not the high sodium plants. The analysis of variance (not shown) also revealed that plant differences within each plant type were significant (.Ol level). Although K had a significant effect on the low sodium plant type, the overall effect when data for low sodium and high sodium plants were combined was not significant at the .05 level. None of the interactions were significant.
Discussion
The data show that distinct biotypes of fourwing saltbush exist with regard to sodium accumulation. Interspecific crosses in nature among various saltbush species are not uncommon (Blauer et al. 1976, Stutz and Sanderson 1977) . It is possible that the high sodium biotype of fourwing saltbush may possess genes for sodium accumulation derived from another Arriplex species that absorbs large amounts of sodium. If this were true, greater growth of the high sodium biotype than the low sodium biotype might be due to hybrid vigor. Fourwing saltbush is not the only species of saltbush that may tend to exclude sodium and absorb large amounts of potassium. Breckle (1974) also found that A. falcata growing in 
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very saline soils just north of the Great Salt Lake in Utah had this same tendency for sodium exclusion and potassium accumulation. Some differences in Na and K accumulation among individual plants within each fourwing saltbush biotype were also noted in this study. Inheritance of the traits could be complex, involving multiple alleles rather than simple dominant and recessive genes. Thus a broad spectrum of degrees of sodium accumulation or nonaccumulation could be possible. Wallace et al. (1973) and Wallace and Romney (1972) reported much lower sodium levels in fourwing saltbush leaves than in leaves of other saltbush species. Wallace et al. (1973) suggested that the low sodium content of fourwing saltbush relative to many other saltbush species is one reason for its high forage value. If this is true, then forage value (possibly palatability or oxalate content) would likely differ between the high sodium and low sodium biotypes of fourwing saltbush.
The lack of correlation between ash content of fourwing saltbush and soil salinity in a study by Welch (1977) may be due to the existence of sodium-accumulating and sodium-excluding biotypes. Sodium compounds are usually the primary contributors to soil salinity, but soil potassium is probably more closely related to mineral or ash content of the low sodium biotype than is soil sodium.
The high sodium biotype of fourwing saltbush apparently has a lower potassium requirements than the low sodium biotype. The lower requirement for K in the high sodium biotype may be due to an ability to use Na as a partial substitute for K. The apparent partial substitution of sodium for potassium in plant nutrition has also been observed in other species by other researchers (e.g., Hylton et al. 1967 , Harmer and Benne 1945 , Dow and James 1970 , Ulrich 1961 .
Accumulation of salts (particularly sodium salts) in leaves with subsequent leaf fall causes an increase in surface soil salinity and sodicity beneath saltbushes and other halophytes (Sharma and Tongway 1973 , Rickard and Keough 1968 , Eckert and Kinsinger 1960 . Such salt accumulation at the soil surface may adversely affect establishment of herbaceous understory species and thus may affect plant community development. Rickard et al. (1973) found that soil collected beneath spiny hopsage, which accumulates potassium in leaves, was more favorable to the growth of cheatgrass (Bromus tectorum) than was soil beneath greasewood, which accumulates sodium in leaves. Similarly, the low sodium fourwing saltbush biotype may provide a more favorable environ- The sodium accumulating and sodium excluding biotypes of fourwing saltbush differed in production, potassium requirement, and sodium and potassium concentrations in leaves. There is reason to believe that the biotypes may also differ in salt tolerance, palatabilty, and effects on soil properties. Thus existence of the two biotypes may have implications for disturbed land rehabilitation and management of salt desert shrub rangelands. Further research is needed to ascertain the extent of sodium accumulation and nonaccumulation (Na exclusion) in fourwing saltbush and other saltbush species, to define the inheritance patterns of the characteristics, and to determine the ecological and management significance of this physiological phenomenon.
